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Purpose: The consequences of obesity are ever more apparent within health care systems and future doctors will increasingly encounter opportunities to support changes to patients’ lifestyles. Despite an evidence base indicating effective theory-based techniques to facilitate behaviourbehavioral change with patients, it is unknown to what extent medical schools prepare students for this challenge and which methods may be most effective. This study aimed to investigate the how effective prevalence, content, efficacy and quality of educational interventions for medical students are in preparing them to facilitateing lifestyle change with obese patients. 
Method: The authors systematically searched EMBASE, PsycInfo, Medline and Scopus (July-November 2010) for educational interventions published in English between 1990 and November 2010 on obesity management matching PICOS (Population, Intervention, Comparators, Outcomes, Study design) inclusion criteria. Results of a narrative synthesis are presented.  
Results: Of 1680 studies initially identified, 36 (2%) full texts were reviewed and 12 (1%)Twelve studies included.matched eligibility criteria (8% qualitative, 92% quantitative). Study designs were mostly quantitative (n=11, 92%) and of these 7 (64%) did not include control groups. included 33% controlled trials (non-randomised), 25% before and after studies, and 33% evaluation studies (post-intervention measures only). Overall, transparency of intervention content was poor (Eight studies (67%) did not describe any behaviourbehavior management strategies) and 9 (75%) were atheoretical. Despite positive reported outcomes regarding students’ knowledge, confidence, attitudes, performance and intervention evaluations, procedures to control for bias were infrequently reported and conclusions often unsupported by evidence.
Conclusions: Evidence from this systematic review reveals data highly susceptible to bias; thus intervention efficacy cannot be determined. Additionally, evidence-basedd strategies to support patients to change obesity-related behaviourbehaviors have not been applied to this literature, and thus it remains unknown how best to equip medical students for this task. 

Introduction
OAs obesity directly contributes to common long term illnesses including type 2 diabetes, cancers and cardiovascular disease,1,2 it is concerning thatand in 2008, one in nine adults worldwide were obese in 2008 (BMI ≥30 kg/ m2).3   Along with being labelledlabeled a global epidemic,4-6 obesity also leads to escalating financial consequences and workload for healthcare systems. One sixth of the US health budget7 and £4.2 billion from the UK8 is spent on illness caused by obesity annually. As is spent on illness caused by obesity7 and illnesses related to overweight and obesity cost the UK health system £4.2 billion in 2007. This is projected to rise to £10 billion annually by 2050.8 Obesity is a growing health concern and initiatives to combat obesityit are now urgently needed in most countries around the world,.3 it is crucial that we understand what the most effective methods involve, particularly in relation to potential contributions from within health care systems.

Obesity can be prevented and controlled through behaviourbehavioral management (e.g. diet and activity)1,9 and the current article focuses on this rather than alternative methods of management such as pharmacological or surgical interventions. Making sustained changes to obesity-related behaviourbehaviors is a notoriously difficult task influenced by various epidemiological and psychological factors.10-12 Additionally, obesity is a socially sensitive subject with potential to threaten the patient-practitioner relationship.13 Traditional knowledge-enhancing approaches within health care have been less successful inaimed to  eliciting lifestyle change compared to  through increasing patient knowledge1 despite widespread acknowledgement that information acquisition alone is rarely enough.14,15 More sthose thatuccessful approaches itnstead address specific determinants of patients’ behaviourbehavior defined within theoretical frameworks.1, 14-16  As well as improving understanding about what causes people to engage in (un)healthy behaviours, this approacheories allows tested, targetable factors to be identified,.17 Hence health care governing bodies increasingly recogniserecognize that health behaviourbehavior change interventions should be based upon relevant theories.18,19 

Progress in this area derives from A a recently developed taxonomy  of theory-based behaviour change techniques has stimulated progress in identifying active intervention components.17 which It encompasses motivation, action and organisationorganization theories,20 and associated effective behaviourbehavior change techniques (such as motivational interviewing [MI], goal setting, and stress management).17 Thus, there is now opportunity to develop educational interventions targeting these techniques; and an approach that some research has been successful in doing this, particularly in training medical professionals to use MI without increasing overall consultation times.21,22 

Although health care professionals frequently manage patients who would benefit from weight loss,7Despite this, opportunities to discuss lifestyle change are often missed.23,24 It is well documented that clinicians feel unconfident, unskilled and uncertain about their specific roles/responsibilities in addressing lifestyle change with obese patients.1,13,25-27 However, research suggests patients want doctors to take a more active role in encouraging changes in diet and physical activity patterns28 and clinical guidelines recommend that obesity is tackled with patients through implementing tailored plans and exploring barriers to change.29 Moreover, despite lifestyle change discussions being most effective when theory-based,30,31 this approach is theoretically informed behaviour change techniques have ryet to be arely been usedapplied regularly towithin medical practice.32 As medical education ultimately impacts upon the quality of patient care and patient outcomes,33 consideration should be given to how medical students are being prepared for this complex and increasingly common task of discussing lifestyle change with obese patients.

Within the UK, Tomorrow’s Doctors (2009) stipulates that as scholars and scientists, graduates should be able to “discuss psychological aspects of behaviourbehavioral change and treatment compliance” (p15, section 9e34); and as practitioners, “communicate appropriately in difficult circumstances, such as when breaking bad news, and when discussing sensitive issues such as alcohol consumption, smoking or obesity” (p22, section 15d34). Researchers also advocate educating medical students in ‘patient activation’ methods (such as MI) which stimulate patients to take responsibility for their own health, in order to create stronger pathways between medical education and meaningful patient outcomes.33

However, areas of medicine which encompass obesity management (health promotion/preventative care) are poorly established within UK medical school curricula35-39 despite General Medical Council encouragement since 1993.3635,36 Although Similarly, few US medical schools offer behaviour change communication teaching37 while those that do tend to provide unstructured and inconsistent courses.38, 39 Despite medical students viewing obesity management as an important aspect of the medical role, their knowledge and satisfaction with associated education is reported to be significantly lower than dietician students dieticians 40 and in one study 60% reported being of participants believed they were provided with insufficient knowledge of nutrition at medical school to be able to address unhealthy eating patterns with patients.41 





One author (AC) conducted preliminary searches (in July 2010) using key terms (e.g. obesity, medical students) within medical, and social science databases and journals for studies relevant to the review. AC then refined these searches to identify studies which included literature reviews and searched the online Cochrane Library database but found no previous published systematic reviews on obesity management education for medical students. The same author then systematically searched the following electronic databases were systematically searched by one author (AC) between July and November 2010: Medline, Excerpta Medica (EMBASE), PsycInfo and Scopus (used to identify 6 relevant journals). In line with Centre for Reviews and Dissemination (CRD) recommendations,44 we the developed the search strategy was developed using a PICOS (Population, Intervention, Comparators, Outcomes, Study design) format which informed search terms and inclusion criteria. Selected Ssearch terms selected were based upon the target Population [e.g. ‘medical students’];, Intervention, (educational sessions addressing obesity-related behaviourbehaviors/conditions) [e.g. ‘obesity’, ’diet’, ‘diabetes’];, and Outcomes [e.g. ‘knowledge’, ‘skills’](List 1 shows full search term list). We did not include Tterms related to Comparators or Study design were not included as the preliminary searches indicated that relevant studies were likely to have been omitted if interventions without control or comparison groups and thus with particular study designs were excluded from the review. The remaining search term sets were combined [using AND], and all search terms were exploded using the truncation [$] and keyword advanced search (article title, abstract, full text, and caption text) [.mp.] functions. We also set Ttimeframe limitations [January 1990- November 2010] were set in line with due to emerging calls by health care governing bodies for the inclusion of health promotion and related subjects into the undergraduate medical curriculum from the 1990s45,46 (full search strategy available from the authors). 
[List 1 to be placed about here]

Initially, AC selected studies were selected for inclusion by screening titles and abstracts for relevance to the research question. Those with features that were not relevant to the review, for example because they did not include medical students (e.g. nursing samples) or were unrelated to obesity (e.g. malnutrition studies) were excluded at this point. If titles/abstracts presented ambiguous information or did not indicate key details such as who the population were, they were included so that relevant studies were not missed at this stage. This process was carried out by a single author because study selection intended to be over inclusive at this stage. AC also manually checked Rreference lists were manually checked for additional relevant articles, and contacted authors were contacted when full study details could not be accessed, and. removed Dduplicates were then removed to avoid double counting. She then assessed and full texts of the 36 remaining articles were assessed by one author (AC) for eligibility against full PICOS inclusion/exclusion criteria (TableFigure 1). 
 [TableFigure 1 to be placed about here]

To ensure reliability, a second coder (MN) not involved with the present study, independently repeated the selection process using PICOS eligibility criteria for all full text the 36 identified articles. Results from both coders were compared and inter-rater reliability statistics obtained (Cohen’s k = 0.89) demonstrating ‘almost perfect’ agreement47 for selection of studies into the final dataset. For full selection procedures see Figure 2.

[Figure 2 to be placed about here]
Data synthesis tools  
Two tools to enable data synthesis were developed.; Oone identified descriptive data from articles, the other identified methodological features that informed coder judgementsjudgments about the quality of included studies. All authors contributed to the development of these tools through meeting regularly to discuss design issues and subsequent revisions. The Ppreliminary literature searches (described above) indicated these should would need to account for quantitative and qualitative designs as well as studies that did not have robust experimental designs (such as randomisedrandomized controlled trials). Hence, we drew upon existing extraction and quality assessment tools used within health care and public health research44, 48-51 and selected relevant components (such as the study’s aim, design, and sample) rather than using any one tool that had previously been developedsingle tool. Redundant components, not relevant to studies within this review were therefore not incorporated (for example blinding to participant group, which is not applicable to studies using only one participant group). Consultations with experienced systematic review researchers (EH and one other independent researcher, PB) further helped determine which components should be selected so that the most salient information, relevant to the aims of the present review was included. 

The final versions of data extraction tools therefore included the following components: Descriptive data extracted therefore included  Tool 1 (descriptive data) study aim, sample, design, intervention content, intervention structure, outcome data, and conclusions; . To judge study quality, coders used three key criteria: (1) Tool 2 (quality judgments)  intervention transparency (deemed transparent if either the educational content or intervention evaluation procedures were described within articles. Where possible coders noted whether descriptions were sufficient to allow for replication and notes were compared to reach consensus between independent appraisals);, (2) control for risk of bias (deemed to have attempted to control for bias if studies explicitly described measures to overcome potential confounders, i.e. secular trends/selection bias),; (3) conclusions supported by sufficient evidence (conclusions deemed reliable if they were clearly described, did not reach beyond data, and if study designs were robust. Coders used descriptive data regarding study designs to support these appraisals).

To test their suitability, AC, JH and SP piloted both tools were piloted on two studies and the study team discussed and dealt with arising queries as a group. For example, piloting indicated that the presence/absence of simple procedures to control for risk of bias (obtaining baseline measures, including control groups, randomisationrandomization) should be explicitly coded for as some articles did not include them. One author (AC) completed data extraction for the entire dataset and to reduce risk of bias, compared results with independent ratings from other research team members (JH, KM, SP). Thus all 12 studies were second coded and arising discrepancies were resolved through discussion and via a third team member acting as an arbitrator where necessary.  

Results 
A total of 1680 articles were initially identified by searches and screened for relevance to the research question. Of these, 36 were reviewed against full eligibility criteria resulting in 12 articles being included in the final review (see Figure 1).
[Figure 1 to be placed about here]

We present a narrative synthesis of the data due to the diversity of methodologies and outcome measures used within studies, and in line with CRD recommendations for systematic reviews that are based upon heterogeneous groups of studies.44 Findings lie within four categories: (1) study characteristics, (2) intervention structure and content, (3) intervention outcomes and reported results, (4) risk of bias within studies. 

1. Study characteristics
Twelve educational interventions met eligibility criteria37, 38, 52-61 (Table 1 summarises study characteristics). Studiesand were published in a range of academic journals between 1993 and 2010 (6 [50%] within the last five years).,  and nine (75%) wereMost were conducted within the USA (n=9, 75%).Mean group size receiving educational interventions was 108 (range = 18 - 207). Demographic details of study samples however, were often unreported; participant gender was included in six studies (50%)52, 53, 55, 57, 58, 61 (range = 29% - 74% female) and ethnicity in two (17%).54, 57 Study designs were either One (8%) qualitative study was identified,61 four (33%) were defined as controlled trials (non-randomisedrandomized),53, 54, 56, 57 three (25%) as before and after studies38,58,59 or and four (33%) as evaluation only studies (no pre-intervention data obtained).37,52,55,60 Table 21 further summarisessummarizes study characteristics.
[Table 21 to be placed about here]

2. Intervention structure and content
Interventions varied widely in terms of where they occurred within medical school courses. Three (25%) Some interventions Interventions were located within ambulatory care blocks, of the third or fourth years of medical school37,38,53 or two (17%) were within preventive care modules;54,57 whereas and one each (8%) was within a year one introductory course,59 a year two clinical placements,55 a a year three family medicine clerkship,60 a year 5 addiction medicine course,61 orand spread across four separate coursesareas throughout , years one to four of mthe courseedical school.56 Insufficient reporting prevented this information being identified in the remaining studiesIn two cases (17%), it was impossible to identify where interventions were located.52,58 Table 32 displays the variety of health professionals involved in delivery (though this was unclear in 4 33% of the 12 studies [33%]) as well as intervention durations (estimated student contact time median = 20.75 hours, range = 1 - 99.3 hours). However in terms of delivery, common to most studies was the inclusion of didactic sessions37,38,52-57,59 and other educational methods used can be grouped into the following: (1) classroom based methods, such as discussion, debate, and oral presentations; (2) opportunities to practice learned skills, for example role play, patient case examples, and patient interviewing practice; (3) assessment, including examinations and feedback;  (4) self-monitoring, such as physical activity diaries and reflective journals; and (5) experiential learning, including clinical participation and observation (see Table 32). 

Data extraction also highlighted which health topics were addressed within educational content. Whilst some Five studies (42%) were exclusively related to obesity and the behaviourbehaviors that govern it55,56,58,60,61 others and four (33%) included education on obesity-related illnesses such as cardiovascular disease and diabetes.52,53,55,57 However, in addition to providing students with education on obesity, Most studiesseven (n=7, 58%) also addressed other health topics such as smoking and alcohol.37,38,52-54,57,59 Despite targeting obesity as a distinct topic within interventions, most (n=8, 67% of 12 included studies) did not describe strategies provided to students that would be helpful in tackling this issue with patients.52-58,61 and Iinstead reports centredcentered more upon how interventions were delivered to students rather than what the educational sessions entailed. Interestingly, data synthesis revealed that of the fewour studies that were more transparent regarding educational content, all described motivational interviewing (MI) techniques (e.g. decisional balance frameworks, reflective listening).37,38,59,60 and most Furthermore, three of these explicitly stated that educational content had been informed by theory,37,38,59 (namely the Transtheoretical Model of behaviourbehavior change; ( TTM),62 Health Belief Model63 and Social Cognitive Theory64).64 
[Table 32 to be placed about here]

3) Intervention outcomes and reported results 
Included studies targeted a wide range of outcomes, the details of which are displayed in Table 43. Reported results of interventions are summarisedsummarized below by study design: controlled trials, before and after studies, and evaluation only studies (except qualitative study results which are summarized in presented within Table 43).
 [Table 43 to be placed about here]
Although The four controlled trials included in the review 53,54,56,57 evaluated various changes in students’ knowledge, of cardiovascular and nutritional issues; confidence, in identifying, assessing and advising patients to change their diet/exercise patterns; attitudes towards cardiovascular nutrition/prevention;,  clinical skills, development, and changes in student personal physiological, psychosocial and behavioural measures, . However, few found statistically significant between group differences (see Table 34). Evidence of this was particularly limited for in student knowledge,  or confidence and attitudes (n=1, 8%53, n=2, 17%,53,54 0% of 12 studies, respectively) and no study found this for student attitudes. Similarly, Rregarding student performance measures, one study (8%)53 found that following the intervention, those that received education sessions were no more likely to engage in nutrition discussions with patients compared to control group participants (p=0.067), and another57 reported limited improvements to students’ diets and reduced physical activity levels.

Alternatively, alll before and after studies38,58,59 reported significant knowledge improvements post-intervention compared to pre-intervention (of MI / the role of nutrition in cancer)), although not all items on measures reached statistical significance (see Table 3). Of these, some also Some studies however, reported statistically significant improvements in confidence (counsellingcounseling patients using MI),;38,59 attitudes (about physicians’ role in nutrition counsellings),58 and in MI skills.38 Students’ Others found that post-intervention, most students intention intended to change their approach with future patients,38 andor spend more time spent counselling about nutrition.58  also increased post-intervention and Student perceptions of the educational interventions they received wasere also generally positive with high levels of satisfaction reported.38,59

Of the The evaluation only studies,37,52,55,60 reported some improvements in students’ knowledge. In one study52 participants reported increased awareness of diet/exercise, and knowledge about counselling on these behaviours post-intervention (53% and 42% respectively).  Others presented self-report measures of knowledge suggested increases in students’ understanding about ed increased understanding about obesity and nutritional risk,55 and the  and the biopsychosocial approach to patient care.37 Self-reported improvements were also reported in regarding behaviour change counselling,37 general research skills60 and attitudes (being more open to the topic of behaviourbehavior change)37. Finally, in two studies (17%) found self-reported improvements in students reported improvements in diet and activity patterns (theirs’52 and patients’60 d)iet/activity patterns. Despite these generally positive outcomes however, evaluations of educational interventions themselves were mixed.55,60 

4) Risk of bias within studies 
Coders’ quality appraisals were in line with three main criteria (see Methods): intervention transparency, control for risk of bias, and conclusions supported by sufficient evidence. Regarding intervention transparency, just four studies (33%) provided described ptions of educational content that wasere deemed sufficient to allow for replication37,38,55,59 thus the majority (67%) did not.52-54,56-58,60,61 In contrast however, nine studies (75%) did provided methodological descriptions that were judged to allow for replication.37,52-55,57,59-61 

Although most studies made attempts to control for risk of bias (n=7 studies, 58%),38,53,54,56-59 these theyattempts mainly involved baseline measures and/or control groups only, although in one case secular trends were also controlled for and none. No studies used randomisationrandomization procedures or reported power calculations. Quality appraisals regarding the potential for bias in studies also highlighted issues around the validation of outcome measures and attrition rates. It is also noteworthy that Descriptions of validation procedures for outcome measures were briefly described addressed in just five (42%) of the 12 studies38,53,55-57 and participant response rates ranged from 33-100% and were below 50% for some outcome measures included within four studies.38,53,54,57

Finally, six studies (50%) of studies were judged to have sufficiently qualified conclusions with evidence within the article.37,38,53,54,59,61 Of those e half that failed to provide sufficient evidence, coders noted that conclusions were not explicitly or clearly described, that assumptions reached beyond what could be derived from the results, and that the lack of control within studies prevented convincing evidence to support conclusions. In addition, quality assessments revealed that only one study38 calculated the effect sizes of significant differences reported between participant groups. Thus for the majority, it is not possible to determine the educational impact of any statistically significant findings discovered.

Discussion 
The present review identified just 12 educational interventions for medical students addressing lifestyle change with obese patients. Findings revealed numerous approaches to designing and implementing education in this area with wide variations in terms of how curricula are structured and delivered (Table 32). Although our findings illustrated variability, no study compared approaches and thus the (dis)advantages of delivering education within particular contexts or by certain individuals remains unclear. These findings correspond to previous research indicating that education about specific health behaviourbehaviors such as smoking and physical activity infrequently occurs within medical education65,66 and that general behaviourbehavior change skills courses often lack consistency and structure in terms of their educational content.38,39 This in addition to frontline medical professionals feeling unskilled in obesity management13,40,41 suggests that calls from governing bodies encouraging integration of obesity-related education into medical practice and education have not been met.29,34 Problems relating to its integration into medical education could be key to resolving this and may be due to a lack of available subject experts,  inadequate assessment, or having a low profile within medical schools.5,67

A key finding from the present review was the lack of theory reported to inform the educational content within studies. We found that reported educational interventions were mostly atheoretical (75% of the 12 studies), contradicting evidence that theory-based behaviourbehavior change interventions are most effective.16,31 It is also problematic that in the few cases where interventions were theoretically informed, all utilisedutilized the TTM which is acknowledged to have a limited evidence base and has recently received criticism regarding its key assumptions.68,69 Further, it has been well documented that intervention content is often not adequately described, making studies difficult to replicate, evaluate or compare with other research.70 This issue clearly emerged within the present review as descriptions of specific behaviourbehavior management techniques were rare and mostly limited to MI (Table 32) despite numerous techniques existing within behaviourbehavior change literature.71 As with the present findings, past interventions to prevent weight gain in community-based contexts can be criticisedcriticized for failing to incorporate existing knowledge of behaviourbehavioral determinants included within theoretical frameworks.72 Thus our findings build upon evidence suggesting that practical application is not developing at the same pace as theoretical advances in behaviourbehavior change research.32 This issue must be addressed if education provided to medical students in this increasingly topical area of medicine is to be truly evidence-based.  

Also illustrated by the present review were concerns regarding the methodological rigourrigor of studies. Although studies reported a range of positive intervention outcomes, measures to control for the risk of bias were rare. Just four studies (33%) included both baseline measures and control groups53,54,56,57 and none calculated power or used randomisationrandomization procedures. Insufficient evidence was therefore provided to determine whether variability reported in outcome measures derived from intervention effects or other unknown factors. The lack of robust evaluations within this review means we cannot confidently draw conclusions regarding the efficacy of interventions or the contribution of this literature in informing education within this area. 

Our findings should however, be considered within the strengths and weaknesses of the present review. To ensure a rigorous, replicable review of literature relevant to the study aims, we designed a search strategy in line with standardisedstandardized PICOS criteria.44 To reduce risk of bias, inter-rater reliability was assessed using an independent second coder at study selection. Search criteria were however limited to English language articles and published research which may have led to overlooking other relevant research. Further, as we did not use standardisedstandardized data extraction tools, it is possible they were developed in line with subjective judgementsjudgments about what information within articles would be most appropriate to extract. However the methodological diversity of included studies made it more appropriate to select only the most relevant components from other standardisedstandardized tools44,48-50 thereby excluding many redundant items. Finally, due to tailoring data synthesis tools to the present review, potentially subjective coder judgementsjudgments rather than objective criteria were used to inform quality appraisals. The fact that Vvalidity checks were however conducted with research team members throughout data synthesis, and that consensus between coders was reached at all stages suggests that possible coder bias was prevented. Conclusions drawn from this study however cannot generalisegeneralize beyond these parameters.

Despite some limitations, our findings indicate that in order to progress in identifying evidence-based education about obesity-related lifestyle change, future research must ensure intervention content is transparent and that methodological rigourrigor is applied to study designs. Future work should specifically apply relevant theories and known behaviourbehavior change techniques to educational interventions, and research outside the USA is required as medical schools from other countries were not represented in the present dataset. We conclude that current educational interventions for medical students’ addressing obesity management are varied and empirical tests of their efficacy inadequate. It therefore remains unknown to what extent medical students are being prepared to facilitate important lifestyle change with future patients or what the best methods to achieve this involve. 
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